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Background: Pulmonary hypertension is poorly studied in Africa. The long-term survival rates
and prognostic factors associated with mortality in patients with moderate to severe pulmonary hypertension (PH) in Africa are not well described.
Objectives: To determine the causes of moderate to severe PH in patients seen in contemporary
hospital settings, determine the patients’ one-year survival and the factors associated with
mortality following standard care.
Methods: A retrospective review of patients diagnosed with moderate to severe PH at Aga
Khan University Hospital (AKUHN) from August 2014 to July 2017 was carried out. Clinical and
outcome data were collected from medical records and the hospital mortality database. Telephone interviews were conducted for patients who died outside the hospital. Survival analysis
was done using Kaplan-Meier, and log-rank tests were used to assess differences between subgroups. Cox regression modelling with multivariable adjustment was used to identify factors
associated with all-cause mortality.
Results: A total of 659 patients with moderate to severe PH were enrolled. Median follow-up
time was 626 days. The survival rates of the patients at 1 and 2 years were 73.8% and 65.9%,
respectively. The following variables were significantly associated with mortality: diabetes
mellitus [adjusted HR 1.52, 95% CI (1.14–2.01)], WHO functional class III/IV [adjusted HR
3.49, 95% CI (2.46–4.95)], atrial fibrillation [adjusted HR 1.53, 95% CI (1.08–2.17)], severe
PH [adjusted HR 1.72, 95% CI (1.30–2.27)], right ventricular dysfunction [adjusted HR 2.42,
95% CI (1.76–3.32)] and left ventricular dysfunction [adjusted HR 1.91, 95% CI (1.36–2.69)].
Obesity [adjusted HR 0.68, 95% CI (0.50–0.93)] was associated with improved survival.
Conclusion: Pulmonary hypertension is associated with poor long-term outcomes in African
patients. Identification of prognostic factors associated with high-risk patients will assist in
patient management and potentially improved outcomes.
Keywords: pulmonary hypertension; long-term outcomes; prognostic factors

Introduction

There is an increasing burden of pulmonary hypertension around the world. A recent global review
postulates that approximately 1% of the global population is affected [1]. In addition, approximately onetenth of those aged 65 years of age and above are thought to suffer pulmonary hypertension [1]. It is,
however, important to note that PH increasingly affects people of all ages both in high-income and low to
middle-income countries. Indeed, 80% of the burden of PH is felt in low and middle-income countries [1].
In Kenya, the prevalence of PH has only been studied in selected patient populations with specific diseases
and it ranges between 5.5% and 49.4% [2, 3].
Pulmonary hypertension has various aetiologies [4]. This results in variation in the clinical profile of PH
between patients and across different regions of the world [5, 6]. The prognosis of PH patients is dependent of
different factors, and similar to the clinical profiles, they vary greatly [7]. Previous studies have demonstrated
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that diseases and risk factors associated with PH in low and middle-income countries are highly prevalent in
Kenya. These include: HIV, rheumatic heart disease, sickle cell disease and schistosomiasis [8, 9]. The pervasion of poor lifestyle choices and habits in Kenya, as well as in many other low and middle-income countries,
means that the prevalence of hypertensive heart disease and chronic obstructive pulmonary disease is on
the rise [10]. It then follows that there is more likely than not an increased risk of PH in Kenya that needs to
be fully investigated.
Studies show that PH-related mortality rates are high, with associated low survival rates, especially for
those with moderate to severe PH. A study of the the Registry to Evaluate Early and Long-term PAH Disease
Management (REVEAL) in the United States found a 5 year-survival rate of 27% among patients with PH
[11]. A study done in four countries in sub-Saharan Africa reported a 6-month mortality rate of 21% [5].
However, the long-term outcomes of African patients with PH have not been studied. In addition, the high
PH mortality points to a need to understand and characterize prognostic factors associated with mortality or
survival to better inform prevention and management efforts. This study, therefore, sought to determine the
1-year and 3-year survival rates and prognostic factors associated with all-cause mortality among patients
with moderate to severe PH attending a tertiary referral hospital in Kenya.

Methods

Study Design

This was a retrospective hospital-based cohort study of patients diagnosed with moderate to severe PH
between August 2014 and July 2017. The study was carried out at Aga Khan University Hospital, Nairobi
(AKUHN), a private non-profit tertiary referral hospital serving patients from Eastern Africa.
The study population was drawn from the AKUHN echo database of patients with a first echocardiographic
diagnosis of moderate to severe PH from August 2014 to July 2017. Case definition was based on pulmonary
artery systolic pressure (PASP) as follows: 45–59 mm Hg (moderate) and ≥60 mm Hg (severe) [12, 13]. Cases
with missing clinical variables of interest were excluded. Other exclusion criteria included pulmonary valve
peak velocity above 3 m/s and acute elevation of pulmonary pressure due to acute pulmonary embolism or
acute lung pathologies.

Data collection
Data was collected from patient medical records using EPI INFO software version 7.2.1.0. Clinical variables
were obtained from the medical records. Etiology of PH was defined as the one assigned by the primary
physician after review of the clinical data and investigations available. Unclear causes from the available data
would deem the cause of PH as ‘unclassified’. A 12-lead electrocardiogram was analyzed for the presence
of atrial fibrillation based on American Heart Association (AHA) and Heart Rhythm Society guidelines [14].
Echocardiographic studies were performed using the GE Vivid 7 Dimension and Vivid Q Ultrasound
machines utilizing a 3–5 MHz sector array transducer probe. Standard parasternal, apical and subcostal
views were obtained. 2D-echocardiography, M-mode, and Doppler studies were performed on all patients.
All echocardiograms were reviewed and validated by a certified consultant cardiologist.
Echocardiographic variables were defined according to the American Society of Echocardiography (ASE)
guidelines [15, 16]. A simplified Bernoulli equation was used to estimate the PASP using the tricuspid regurgitant velocity (TRV) and right atrial pressures. Right atrial pressures were estimated by the use of size and
extent of collapsibility of the inferior vena cava (IVC). Tricuspid annular plane systolic excursion (TAPSE)
was used to assess RV function; it was measured by M-mode echocardiography with the cursor favorably
positioned with the direction of the tricuspid lateral annulus in the apical four-chamber view. RV dysfunction was defined as TAPSE < 17 mm. The left ventricular ejection fraction was estimated using the Simpson
method. Color flow Doppler allowed for the detection and grading severity of regurgitant lesions. Doppler
measurements to determine gradients across valves were used to assess the severity of stenotic lesions.
Significant valvular heart disease was defined as any moderate to severe stenosis or regurgitation. The presence of rheumatic valvular changes was captured by assessing valve morphology on 2D echocardiography.
Telephone interviews were conducted when survival status was unknown from medical records. Patients
were called directly at least two times, and if unsuccessful, the next of kin was contacted to provide outcome
data. Where unavailable, censoring was done at the last date of hospital contact.

Data Analysis
Data analysis was carried out using SPSS version 24. Frequencies and proportions were used to summarise categorical data, with bivariate relationships analysed using Pearson’s Chi-square. For continuous data
means and standard deviations or medians and interquartile ranges were provided depending on the nor-
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mality of the data. Comparison of means and medians was done using t-tests and Mann-Whitney U tests,
respectively.
Kaplan-Meier estimates were used in analysis of survival rates. The date of the first echocardiogram with
PASP ≥ 45 mmHg was taken as the start date. Patients still alive at the end of the follow-up period or lost
to follow-up were censored. Duration of follow up was calculated from the time of first echocardiographic
diagnosis of PH to death or date of censoring. Reverse Kaplan-Meier method was utilized in calculation of
the median follow-up time. Kaplan-Meier analysis method was used in the analysis of the survival rates and
survival curve differences through the log-rank test.
Cox proportional hazard regression was modelled to capture the factors that were correlated with mortality among patients with moderate to severe PH. First, unadjusted Hazard Ratios were analysed by the use
of univariate cox regression. Variables significant at p < 0.05 at this stage were analysed together using
multivariate Cox regression to estimate adjusted Hazard Ratios with 95% confidence intervals. A two-tailed
p < 0.05 was considered significant.

Ethical Considerations
The study received approval from the Aga Khan University Ethics Review Committee. Respondents gave
verbal consent over the telephone after the study and its aims were explained to them. Study data was
anonymised and stored as per institutional policies to ensure confidentiality. The study protocol conforms to
the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a prior approval by the institution’s
human research committee.

Results

Study Cohort

A total of 8631 echocardiograms were carried out from August 2014 to July 2017 and 926 patients were
found to have PASP ≥ 45 mmHg, of whom 267 patients did not meet the inclusion criteria, resulting in a
cohort of 659 patients who were included in the final analysis as shown in Figure 1.

Figure 1: Flow diagram showing the selection of study cohort.
* Cases with absent clinical data or electrocardiogram.
** Patients with transient elevated PASP due to acute respiratory infections, acute respiratory distress
syndrome and positive pressure mechanical ventilation.
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Demographic and Clinical characteristics
The average age of respondents was 66 years (SD = 17.45), and majority were female (55.1%) and of black
African race (80%). The most common comorbidity was systemic arterial hypertension (69.7%) followed
by heart failure (52.2%). HIV was tested in 206 patients, of whom 28 (13.6%) were positive. Fifty-seven
percent of the cohort were in functional class III or IV. Table 1 provides the summary of baseline patient
characteristics.

Echocardiographic and Electrocardiographic Findings
On electrocardiogram, 99 (15%) patients had atrial fibrillation. The median PASP was 56 mmHg (25th–75th
percentiles: 49–68 mmHg) and TAPSE was 18 mm (25th–75th percentiles: 15–20 mm). About 28.2% of
patients had LV ejection fraction below 40%, while 28.7% had significant valvular abnormalities. SurprisTable 1: Baseline Demographic and Clinical Characteristics.
All patients
N = 659
Demographics
Age (years)

65.72 ± 17.45

Gender, n (%)
Females

363 (55.1)

Males

296 (44.9)

Race
Blacks, n (%)

527 (80.0)

Non-Blacks, n (%)

132 (20.0)

Comorbidities
Systemic Arterial Hypertension, n (%)

459 (69.7)

Diabetes Mellitus, n (%)

224 (34.0)

Smoking, n (%)
Heart failure, n (%)

66 (10.0)
344 (52.2)

COPD, n (%)

78 (11.8)

HIV, n (%) N = 206

28 (13.6)

Systolic BP (mmHg), median (IQR)

82 (72–94)

Systolic BP (mmHg), median (IQR)

129 (111–147)

Weight (kg)
Body Mass Index, median (IQR)
Underweight, BMI < 18.5

76.23 ± 18.82
28 (24–32)
22 (3.3%)

Normal, BMI 18.5–24.9

161 (24.4%)

Overweight, BMI 25.0–29.9

235 (35.7%)

Stage I obesity, BMI 30.0–34.9

136 (20.6%)

Stage II obesity, BMI 35.0–39.9

59 (9%)

Extreme Obesity, BMI ≥ 40.0

43 (6.5%)

WHO functional class, n (%)
Class I/II

192 (43.5)

Class III/V

249 (56.5)

* Plus-minus values are means ± SD.
IQR, interquartile range; COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; BP, blood
pressure; WHO, world health organization.
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ingly, rheumatic and congenital heart diseases were present in similar proportions (5.6% vs. 5.8%). The
summary of the other findings is shown in Table 2.

Aetiologies of PH

Figure 2 below shows the classification of PH as assigned by the patient’s primary physician (n = 546). There
was no cause assigned to 113 patients (17%). From the chart, it can be seen that the most common aetiology of PH in this cohort was PH due to left heart disease (58%), followed by PH due to lung disease (22%),
pulmonary arterial hypertension (13%) and chronic thromboembolic pulmonary hypertension (5%).
Table 2: Electrocardiographic and Echocardiographic findings.
All patients
(N = 650)
Electrocardiographic findings
Atrial Fibrillation, n (%)

99 (15.0)

Echocardiographic findings
TRV (ms), median (IQR)

3.42 (3.22–3.79)

RAP (mmHg)

9.60 ± 5.28

PASP (mmHg), median (IQR)

56 (49–68)

TAPSE (mm) (N = 580), median (IQR)

18 (15–20)

LVEF (%), median (IQR)

55 (38–60)

LVEF < 40%
Congenital Heart Disease, n (%)
Significant valvular abnormalities, n (%)
Rheumatic valvular changes, n (%)

186 (28.2)
38 (5.8)
189 (28.7)
37 (5.6)

* Plus-minus values are means ± SD.
IQR, interquartile range; TRV, tricuspid regurgitant velocity; RAP, right atrial pressure; PASP, pulmonary artery systolic
pressure; TAPSE, tricuspid annular plane systolic excursion; LVEF, left ventricular ejection fraction.

Figure 2: WHO groups of pulmonary hypertension assigned by primary physician.
PAH: pulmonary arterial hypertension; PH-LHD: PH due to left heart disease; PH-LD: PH due to lung disease;
CTEPH: chronic thromboembolic PH.
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In terms of sub-groups, congenital heart disease (n = 31, 5.7%) was the most common cause of PAH, followed by HIV-associated PAH (n = 18, 3.3%). Heart failure with reduced ejection fraction was the most common cause of PH due to left heart disease (n = 164, 30%). Rheumatic heart disease was a cause of PH in 6.6%
of patients. Among those with PH caused by lung disease (PH-LD), chronic obstructive pulmonary disease
was the most frequent cause (n = 63, 11.5%), followed by sleep-disordered breathing (n = 23, 4.2%). Table 3
provides a detailed description of the sub-group classification.

Follow-up and Outcomes
By the end of the study period (median follow-up time: 626 days), 198 patients (30%) had died. As shown in
Table 4, the overall survival at 6 months, 1 and 2 years of follow-up was 78.9%, 73.8% and 65.9% respectively. Kaplan-Meier survival curves for the entire cohort by WHO functional class, obesity, PASP, left ventricular dysfunction and right ventricular dysfunction are shown in Figure 3.
There were statistically significant differences in survival between the 2 groups. The deceased group
reported significantly higher PASP, WHO functional class, left ventricular systolic and right ventricular dysfunction (log-rank test p = < 0.001). The estimated survival rates of the PH patients with WHO FC III/IV at 6
months, 1 and 2 years were 54%, 47% and 41% respectively. Patients who were obese (BMI ≥ 30kg/m2) at
the time of diagnosis had a better overall survival (log rank test P = 0.01).
Table 3: Sub-group classification of pulmonary hypertension.
Total
(N = 546)
Group 1

%

72

Congenital heart disease

31

5.7%

HIV associated PAH

18

3.3%

Connective tissue disease

15

2.7%

Idiopathic PAH

6

1.1%

Portal hypertension

2

0.4%

Group 2

318

HFrEF

164

30.0%

HFpEF

85

15.6%

Rheumatic valvular heart disease

36

6.6%

Other valvular heart diseases

31

5.6%

2

0.4%

Others
Group 3

122

COPD

63

11.5%

Sleep disordered breathing

23

4.2%

Interstitial lung disease

13

2.4%

Post TB bronchiectasis

7

1.3%

14

2.89%

Group 4

28

5.1%

Group 5

8

Others

Sickle cell disease

4

0.7%

Others

4

0.7%

PAH, pulmonary arterial hypertension; HFrEF, heart failure with reduced ejection fraction; COPD, chronic obstructive
pulmonary disease; HFpEF, heart failure with preserved ejection fraction; TB, tuberculosis. Of the congenital heart
disease 16 had ASD, 1 PDA, 1 VSD, 4 Tetralogy of Fallot and 9 others.
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Table 4: Two-year survival rates.
Probability of survival (%)
6 months

78.9 ± 1.6

1 year

73.8 ± 1.8

2 years

65.9 ± 2.1

* Plus-minus values are overall survival rate ± SE.

Figure 3: Kaplan-Meier survival estimates for (A) Overall cohort; (B) by WHO functional class; (C) by BMI;
(D) by severity of PASP; (E) by LVEF and (F) by TAPSE.
WHO, World Health Organization; BMI, Body Mass Index; PH, pulmonary hypertension; PASP, pulmonary
artery systolic pressures; LVEF, left ventricular ejection fraction; LV, left ventricular; RV, right ventricular;
TAPSE, tricuspid annular plane systolic excursion.
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Prognostic Factors Associated with Mortality
The relationship between mortality and prognostic factors was assessed in a univariate cox regression
model. All factors were prognostic except gender, systemic arterial hypertension and rheumatic heart disease. Upon testing in a multivariate cox regression model, significant valvular heart disease lost its prognostic value. However, age [adjusted HR 1.02, 95% CI (1.01–1.03)], diabetes mellitus [adjusted HR 1.49,
95% CI (1.13–1.98)], WHO functional class III/IV [adjusted HR 3.50, 95% CI (2.47–4.97)], atrial fibrillation
[adjusted HR 1.53, 95% CI (1.07–2.17)], severe PH [adjusted HR 1.68, 95% CI (1.27–2.22)], right ventricular
dysfunction [adjusted HR 2.61, 95% CI (1.93–3.53)] and left ventricular dysfunction [adjusted HR 2.18, 95%
CI (1.64–2.91)] were still independently associated with mortality. Obesity was paradoxically associated with
improved survival [adjusted HR 0.68, 95% CI (0.50–0.93)]. The results of the cox regression are shown in
Table 5.

Discussion

Knowledge about PH in sub-Saharan Africa is largely drawn from the PAPUCO study [5]. The study was prospective and included participants of different ethnic groups from four African countries (i.e. Cameroon,
Nigeria, Mozambique and South Africa) [5]. In this study, a diagnosis of PH was made on the basis of echocardiography—right ventricular systolic pressure >35 mmHg, the absence of pulmonary stenosis and acute
right ventricular failure, although the exact definitions of these exclusion criteria variables used in the study
were not mentioned in the study protocol [17]. The registry data published in June 2016 examined the clinical profiles, aetiologies and six-month outcomes of patients with PH [5]. However, the prognostic factors
of mortality and long-term survival have not been comprehensively examined. Therefore, the present study
sought to determine the long-term outcomes and associated factors in a cohort with moderate to severe
PH. This retrospective cohort study represents one of the largest studies on pulmonary hypertension (PH) in
sub-Saharan Africa (SSA).
The study cohort comprised more females than males, similar to what has been reported in other studies
[5]. This may be attributable to the fact that certain aetiologies of PH, such as PAH and rheumatic heart disease, have a strong bias towards females [18, 19]. Compared to the PAPUCO study, median age in this group
was 18 years higher. This can be explained by the high prevalence of left heart disease in this study, which is
highly prevalent among the elderly [1, 5]. The majority of the patients were diagnosed late, as illustrated by
Table 5: Cox regression analysis.
Univariate Analysis¶
Unadjusted HR ± 95% CI

Multivariate Analysis¥

p-value

Adjusted HR ± 95% CI

p-value

Age

1.03 (1.02–1.04)

<0.001

1.02 (1.01–1.03)

<0.001

Male Gender

1.23 (0.93–1.63)

0.14

1.17 (0.88–1.54)

0.29

Systemic Arterial Hypertension

1.12 (0.82–1.54)

0.50

0.73 (0.52–1.02)

0.07

Diabetes Mellitus

1.61 (1.22–2.14)

0.001

1.49 (1.13–1.98)

0.005

Obesity (BMI ≥ 30)

0.68 (0.50–0.93)

0.01

0.66 (0.48–0.90)

0.01

WHO Class III/IV

3.53 (2.49–5.00)

<0.001

3.50 (2.47–4.97)

<0.001

Atrial Fibrillation

1.72 (1.22–2.42)

0.001

1.53 (1.07–2.17)

0.02

Severe PH (PASP ≥ 60)

1.68 (1.27–2.22)

<0.001

1.68 (1.27–2.22)

<0.001

RV dysfunction (TAPSE < 17 mm)

2.58 (1.92–3.48)

<0.001

2.61 (1.93–3.53)

<0.001

LV dysfunction (LVEF ≤ 40%)

2.15 (1.62–2.85)

<0.001

2.18 (1.64–2.91)

<0.001

Significant valvular heart disease

1.44 (1.07–1.93)

0.02

1.28 (0.93–1.76)

0.13

Rheumatic heart disease

0.54 (0.24–1.21)

0.13

1.19 (0.50–2.80)

0.70

Cox regression performed after confirmation of proportional hazard assumptions using log minus log graphs.
A multivariate cox regression model adjusted for confounders (age, gender, race and presence of diabetes mellitus).
* P < 0.05 was considered significant.
BMI, body mass index; WHO, world health organization; PH, pulmonary hypertension; RV, right ventricle; LV, left
ventricle; TAPSE, tricuspid annular plane systolic excursion; LVEF, left ventricular ejection fraction.
Interactions for Obesity and Age, Obesity and DM, and Obesity and Gender were performed and no interactions were
present.
¶
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the high proportion of those in WHO functional class III and IV. This finding is consistent with other African
studies on PH [5, 20]. In the PAPUCO study, Thienemann et al. reported that two-thirds of patients with PH
presented in WHO class III/IV [5]. This may be due to low access to care, healthcare worker education gaps
or lack of diagnostic capacity, given low resources [5].
Similar to other studies, PH due to left heart disease (PH-LHD) was the most common, accounting for 30%
in this cohort, though at a lower prevalence than the 69% reported in previous studies [5]. This is because
our study had a higher prevalence of PH due to lung disease and CTEPH. PH-LHD was majorly attributed to
heart failure characterised by reduced ejection fraction, consistent with studies demonstrating high occurrence of systolic heart failure in Africa [21]. It was disconcerting to note that rheumatic valvular disease was
also associated with PH in this study, pointing to its endemicity and contribution to the cardiovascular disease burden in this setting. Contrary to other studies, tuberculosis-associated obstructive pulmonary disease
was not a significant cause of PH-LD [5, 20]. This may be due to mis-classification, since not all patients were
evaluated systematically to exclude tuberculosis.
In terms of survival, the findings are similar to those of the PAPUCO study that reported a high rate of
mortality at 6 months follow-up [5]. Nonetheless, the overall 3-year survival in this group of patients is 5 to
10% lower than those reported in studies outside Africa [6, 22–23]. This may be attributed to the exclusion
of patients with mild PH in this study, as well as the barriers to early diagnosis and treatment of PH in this
setting [5].
Age was one of the prognostic factors for PH mortality. Older age has been shown to place PH patients at
an increased risk of mortality [6, 22]. The Giessen Pulmonary Hypertension registry demonstrated that age
<50 years predicted survival in all PH groups [22]. A separate study showed that individuals aged ≥65 yrs
have high mortality rates [24]. Though systemic arterial hypertension was highly prevalent in our cohort, it
had no significant influence on mortality. This is consistent with findings from other heart failure studies
in Africa [21].
Several clinical variables were associated with mortality similar to other studies. These included poor functional class (WHO functional class III/IV), diabetes mellitus and atrial fibrillation [6, 22, 24, 25].
The observed reduced mortality in obese patients may support the ‘obesity paradox’ hypothesis. This
finding is consistent with that of Zafrir et al., who found that obesity was significantly associated with
lower mortality in PH patients (HR 0.2, 95% CI 0.1–0.6; P = 0.004) [26]. In another study, Caceres et al.
observed that a higher BMI was associated with a lower relative risk for one year mortality in patients
with PH [27]. The ‘obesity paradox’ in this cohort may indeed be due to the effect of higher muscle mass
in this cohort of patients rather than the BMI, a finding that was not explored, but has been found in
other trials [28]. Recent studies have, however, disputed this. A large population-based study revealed
that obesity is associated with shorter longevity and significantly higher cardiovascular risk compared to
normal weight [29]. A possible explanation for this conflicting data may be the presence of significant
confounding from prevalent disease-related weight loss in studies showing the ‘obesity paradox’ phenomenon [30].
Echocardiographic parameters identified to be independently associated with mortality in PH were PASP,
TAPSE and left ventricular ejection fraction. Various studies have demonstrated the link between PH severity
and mortality [6, 25]. In the Armadale cohort, a higher PASP (>60 mmHg) conferred a 3.29 higher odds of
mortality compared to patients with lower PASP [6]. Corciova et al. revealed a strong association between
PASP and survival duration (r 0.52, p < 0.001) [25]. Right ventricular dysfunction has been related with poor
outcomes in PH [25, 31]. Using lower cut-off of less than 17 mm, unlike these authors who used a TAPSE cutoff of 18 mm, we also observed a higher risk of mortality. Similar to Corciova et al., left ventricular systolic
dysfunction (LVEF ≤ 40%) was a prognostic factor for mortality [25]. This is attributed to the fact that more
than half of patients had PH-LHD [25].

Limitations

Several limitations of this study need to be acknowledged. The diagnosis of PH was based on echo-derived
PASP and not right heart catheterization as recommended. The other important limitation lies in the fact
that the aetiologies were entirely based on what was assigned by the primary physician, abstracted from the
patients’ medical records. The heterogeneity of our patients was another limitation of the study. Our sample
size limited our capacity to do a detailed analysis of each aetiology. Future studies should target specific
aetiologies of PH in the region. Lastly, the generalized application of these findings is subject to certain
limitations. This was a single-centre study in an urban setting. In the future, it will be important to do a
multicentre study that will include health facilities in rural areas as well.
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Conclusion

The study findings clearly indicate that PH is associated with high mortality in African patients. Only about
66% of the patients were alive after two years from the time of diagnosis. Increased mortality risk was associated with diabetes mellitus, atrial fibrillation, WHO FC III/IV, severe PH (PASP ≥ 60 mmHg), right ventricular
dysfunction (TAPSE < 17 mm) and left ventricular systolic dysfunction (LVEF ≤ 40%). Obesity was associated
with improved survival. On the other hand, the presence of rheumatic heart disease or significant valvular
abnormalities had no effect on mortality.

Acknowledgements

The authors would like to acknowledge the Medical Records Department staff at AKUHN, especially Mr James
Kaburia and Mrs Helda Amariata for their assistance in retrieving patient medical records. Special thanks to
the Research Support Unit especially Mr Jasmit Shah. In addition, we would also like to thank Prof Michael
Chung and Dr Sayed Ali for their guidance and support during the study. The abstract was also presented at
the Kenya Cardiac Society Annual Conference on 27th July, 2018.

Funding Information

This research was funded by the Aga Khan University Postgraduate Medical Education (PGME) seed grant.

Competing Interests

The authors have no competing interests to declare.

References

1. Hoeper MM, Humbert M, Souza R, et al. A global view of pulmonary hypertension. Lancet Respir
Med. 2016; 4(4): 306–22. DOI: https://doi.org/10.1016/S2213-2600(15)00543-3
2. Odero N. The Prevalence of pulmonary arterial hypertension in children with sickle cell disease at
Kenyatta National Hospital|UNIVERSITY OF NAIROBI LIBRARY. Secondary The Prevalence of pulmonary arterial hypertension in children with sickle cell disease at Kenyatta National Hospital|UNIVERSITY
OF NAIROBI LIBRARY. 2018. http://uonlibrary.uonbi.ac.ke/content/prevalence-pulmonary-arterialhypertension-children-sickle-cell-disease-kenyatta-national--0.
3. Ilovi EAI-S, Oyoo GO, Ogola EN. Echocardiographic findings in patients with rheumatoid arthritis
attending the rheumatology clinic at the Kenyatta National Hospital. 2017; 5.
4. Simonneau G, Gatzoulis MA, Adatia I, et al. Updated clinical classification of pulmonary
hypertension. J Am Coll Cardiol. 2013; 62(25 Suppl): D34–41. DOI: https://doi.org/10.1016/j.
jacc.2013.10.029
5. Thienemann F, Dzudie A, Mocumbi AO, et al. The causes, treatment, and outcome of pulmonary
hypertension in Africa: Insights from the Pan African Pulmonary Hypertension Cohort (PAPUCO) Registry. Int J Cardiol. 2016; 221: 205–11. DOI: https://doi.org/10.1016/j.ijcard.2016.06.242
6. Strange G, Playford D, Stewart S, et al. Pulmonary hypertension: prevalence and mortality in the
Armadale echocardiography cohort. Heart. 2012; 98(24): 1805–11. DOI: https://doi.org/10.1136/
heartjnl-2012-301992
7. George MG, Schieb LJ, Ayala C, et al. Pulmonary hypertension surveillance: United States, 2001 to
2010. Chest. 2014; 146(2): 476–95. DOI: https://doi.org/10.1378/chest.14-0527
8. UNAIDS. Prevention Gap Report. Geneva, Switzerland: United Nations Programme on HIV/AIDS; 2016.
Secondary Prevention Gap Report. Geneva, Switzerland: United Nations Programme on HIV/AIDS;
2016. http://www.unaids.org/sites/default/files/media_asset/2016-prevention-gap-report_en.pdf.
9. Federation. WH. Rheumatic heart disease in Kenya. Heart Beat. Secondary Rheumatic heart disease
in Kenya. Heart Beat; 2007. http://www.world-heart-federation.org/press/heart-beat-e-newsletter/
heart-beat-augustseptember-2007/in-this-issue/rheumatic-heart-disease-in-kenya/.
10. MoH KW. Kenya stepwise survey for non-communicable diseases risk factors 2015 report. Secondary
Kenya stepwise survey for non-communicable diseases risk factors 2015 Report. 2015. http://aphrc.
org/wp-content/uploads/2016/04/Steps-Report-NCD-2015.pdf.
11. Farber HW, Miller DP, Poms AD, et al. Five-Year outcomes of patients enrolled in the REVEAL R
 egistry.
Chest. 2015; 148(4): 1043–54. DOI: https://doi.org/10.1378/chest.15-0300
12. Melby SJ, Moon MR, Lindman BR, et al. Impact of pulmonary hypertension on outcomes after aortic
valve replacement for aortic valve stenosis. J Thorac Cardiovasc Surg. 2011; 141(6): 1424–30. DOI:
https://doi.org/10.1016/j.jtcvs.2011.02.028

Ngunga et al: Long-Term Outcomes and Factors Associated with Mortality in Patients with
Moderate to Severe Pulmonary Hypertension in Kenya

Art. 6, page 11 of 12

13. Kelesidis I, Mazurek JA, Saeed W, et al. Effect of nesiritide in isolated right ventricular failure secondary to pulmonary hypertension. Congest Heart Fail. 2012; 18(1): 18–24. DOI: https://doi.org/10.1111/
j.1751-7133.2011.00273.x
14. Mason JW, Hancock EW, Leonard S. Recommendations for the standardization and interpretation
of the electrocardiogram: Part II: Electrocardiography diagnostic statement list: A Scientific Statement
from the American Heart Association Electrocardiography and Arrhythmias Committee, Council on
Clinical Cardiology; the American College of Cardiology Foundation; and the Heart Rhythm Society.
Endorsed by the International Society for Computerized Electrocardiology. Heart Rhythm. 2007; 4(3):
413–19.
15. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantification by echocardiography in adults: an update from the American Society of Echocardiography and the European
Association of Cardiovascular Imaging. J Am Soc Echocardiogr. 2015; 28(1): 1–39.e14. DOI: https://doi.
org/10.1016/j.echo.2014.10.003
16. Zoghbi WA, Adams D, Bonow RO, et al. Recommendations for noninvasive evaluation of native
valvular regurgitation: a report from the American Society of Echocardiography developed in collaboration with the Society for Cardiovascular Magnetic Resonance. J Am Soc Echocardiogr. 2017; 30(4):
303–71. DOI: https://doi.org/10.1016/j.echo.2017.01.007
17. Burton R, Damasceno A, Stewart S, et al. Rationale and design of the Pan African Pulmonary hypertension Cohort (PAPUCO) study: implementing a contemporary registry on pulmonary hypertension
in Africa. 2014.
18. McGoon MD, Miller DP. REVEAL: a contemporary US pulmonary arterial hypertension registry. 2012.
19. Sani MU, Karaye KM, Borodo MM. Prevalence and pattern of rheumatic heart disease in the Nigerian
savannah: an echocardiographic study. Cardiovasc J Afr. 2007; 18(5): 295–9.
20. Stewart S, Mocumbi AO, Carrington MJ, et al. A not-so-rare form of heart failure in urban black
Africans: pathways to right heart failure in the Heart of Soweto Study cohort. Eur J Heart Fail. 2011;
13(10): 1070–7. DOI: https://doi.org/10.1093/eurjhf/hfr108
21. Sliwa K, Davison BA, Mayosi BM, et al. Readmission and death after an acute heart failure event:
predictors and outcomes in sub-Saharan Africa: results from the THESUS-HF registry. Eur Heart J. 2013;
34(40): 3151–9. DOI: https://doi.org/10.1093/eurheartj/eht393
22. Gall H, Felix JF, Schneck FK, et al. The Giessen Pulmonary Hypertension Registry: Survival in pulmonary hypertension subgroups. J Heart Lung Transplant. 2017; 36(9): 957–67. DOI: https://doi.
org/10.1016/j.healun.2017.02.016
23. Marques-Alves P, Baptista R, Marinho da Silva A, et al. Real-world, long-term survival of incident
patients with pulmonary arterial hypertension. Rev Port Pneumol (2006). 2017; 23(3): 124–31. DOI:
https://doi.org/10.1016/j.rppnen.2017.01.006
24. Chang WT, Weng SF, Hsu CH, et al. Prognostic Factors in Patients With Pulmonary Hypertension-A
Nationwide Cohort Study. J Am Heart Assoc. 2016; 5(9). DOI: https://doi.org/10.1161/JAHA.116.003579
25. Corciova FC, Arsenescu-Georgescu C. Prognostic Factors in Pulmonary Hypertension. Maedica
(Buchar). 2012; 7(1): 30–7.
26. Zafrir B, Adir Y, Shehadeh W, et al. The association between obesity, mortality and filling pressures in pulmonary hypertension patients; the “obesity paradox”. Respiratory Medicine. 2013; 107(1):
139–46. DOI: https://doi.org/10.1016/j.rmed.2012.10.019
27. Caceres JD, Mojadidi M, Eshterhadi P. Mortality In patients with pulmonary hypertension and high
body mass index. Am J Respir Crit Care Med. 2014; 189: 1–2.
28. Abramowitz MK, Hall CB, Amodu A, et al. Muscle mass, BMI, and mortality among adults in the
United States: A population-based cohort study. PLoS One. 2018; 13(4): e0194697. DOI: https://doi.
org/10.1371/journal.pone.0194697
29. Khan SS, Ning H, Wilkins JT, et al. Association of body mass index with lifetime risk of cardiovascular disease and compression of morbidity. JAMA Cardiol. 2018; 3(4): 280–87. DOI: https://doi.
org/10.1001/jamacardio.2018.0022
30. Chang VW, Langa KM, Weir D, et al. The obesity paradox and incident cardiovascular disease: A
population-based study. PLoS One. 2017; 12(12): e0188636. DOI: https://doi.org/10.1371/journal.
pone.0188636
31. Forfia PR, Fisher MR, Mathai SC, et al. Tricuspid annular displacement predicts survival in pulmonary hypertension. Am J Respir Crit Care Med. 2006; 174(9): 1034–41. DOI: https://doi.org/10.1164/
rccm.200604-547OC

Art. 6, page 12 of 12

Ngunga et al: Long-Term Outcomes and Factors Associated with Mortality in Patients with
Moderate to Severe Pulmonary Hypertension in Kenya

How to cite this article: Ngunga M, Abeid AM, Mohamed J, Barasa A. Long-Term Outcomes and Factors Associated
with Mortality in Patients with Moderate to Severe Pulmonary Hypertension in Kenya. Global Heart. 2020; 15(1): 6.
DOI: https://doi.org/10.5334/gh.384
Submitted: 25 March 2019

Accepted: 19 November 2019

Published: 06 February 2020

Copyright: © 2020 The Author(s). This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited. See http://creativecommons.org/licenses/by/4.0/.

Global Heart is a peer-reviewed open access journal published by Ubiquity Press.

OPEN ACCESS

